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(54) Making explosively clad metal sheet 

(57) A metal cladding layer is explosively bonded to a metal substrate to form a composite metal ingot; two ingots (10, 22) 
are then assembled with the cladding layers (14, 26) facing an intermediate parting layer (18) and the assembly is hot rolled 
to reduce the thickness and expand the area of the ingots simultaneously. The substrate may be carbon steel and the 
cladding layer may be nickel/chrome alloy. A steel edge strip (28) may be fusion welded around the interface of the ingots 
(1 0, 22) before rolling. The parting layer may be glass fibre tissue or chromic oxide. The method eliminates curling of the 
rolled sheet, facilitates the making of thinner clad sheets and reduces heat dissipation at the critical area of the bond 
interface during rolling. 
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EXPLOSIVELY BONDED CLAD METAL SHEET 

This invention relates to an Unproved method of making 
explosively bonded clad metal sheet. The method is 
especially useful for making clad sheet from metals which 
cannot be readily bonded by hot rolling techniques , for 
example, clad sheets wherein the cladding has hxgher yield 
strength than the substrate. 

The production of clad metal sheet by the process of hot 
roll bonding is well known. The process consists of 

L0 placing a layer of relatively expensive metal, for example 
corrosion resistant metal, upon a substrate of ^ 
expensive metal, usually carbon steel, heating the assembly 
to the bonding temperature, and passing the assembly 
through a rolling mill to effect bonding at the layer 

15 interface. 

The principle disadvantage of the process arise from 
SllS compatibility of the component metals In order to 
achieve successful bonding the following requirements must 

20 at "^component metals must have similar atomic spacing 
20 ' To that electron sharing occurs between a maximum 

numb er of atoms at the limited pressures attainable in 

the process. 

b) The yield strength of the two materials must lie 
between close limits so that one material is not 
rolled preferentially resulting in a disproportionate 
Increase in its surface area which precludes bonding. 

These requirements impose severe limitations upon the range 
Tt material combinations which can be bonded. In practice, 
°oll bonded metal combinations are limited to those in 
wW ch the cladding yield strength is lower or .to liar to 
that of the substrate material. Success in roll bonding 
less when the yield strength of the cladding material 
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5 explosive bonding process wherein ^ WSl1 
substrate are ^.SirS^tS^" - 
the detonation of an overlying layer ^ J* ^ ° f 
progressive bonding on colLLn lf\V 6Xpl ° Sive to e «ect 
metal interface. This bonding metal layers at the 

0 in United Kingdom ^^^SS^ T 

1032019, 1168 264 and 1248 ^ 4 C " iCati0nS n08 ' 523746, 

the explosive detm.n. icJa »«a. The area is limited by 

-1—2, mltTt ZiT? WhiCh 18 related to 

the explo.ivel y ^eHa^^^^f- °< 
amplitude as » f«««4.* ^ ""fosice increases in 

where the wave amplitude represents a L *" ^ ""^ 
the cladding thickness -rtT?" ™ JOE ^f 0 " 1 ™ of 

cracks ln t L olao^no ^ ^ °° CUrS 10 tha *°» of 
large area and tue^cetraLT aa.embly has a 

hendlin, and transporting tl'fL'T thin ' 
Impracticable, Thus in Dra Jf 9 co "* OT «'t» bacome 

derail, regalreTto be" oTla^r erel and'ti"" 
can be conveniently produced ?< t t imer than 
bonding procesa I ™*k ! - dlre °tly by the explosive 

to prepare a cUd leal Ct TT" ^ ""^"ty 1. 
composite ttuJ£££?L£ SM " er — «<> *«ate r 
hot roll the ingot dol ^ e *P l °»"a bondin, route and then 
The ratio of thfe,^ , re 9 ulred thickness. 

xeaucea. This process is well 



known and frequently used, but the following difficulties 
have been found in its practical application 
a) Divergence between the yield strengths of the two 
materials of the metal combination, if excessive, 
causes the lower yield strength material to tend to 
reduce in thickness preferentially. The explosive 
bond prevent this but the result is a curling of the 
composite sheet away from the lower strength material. 
If the cladding is placed uppermost when rolling, the 
composite sheet will curl upwards around the upper 
roller. If rolled with the cladding downwards, the 
composite sheet will curl downwards onto the roller 
bed of the mill where it can become lodged between the 
rolls. In both cases, the composite sheet can be 
irrevocably damaged and serious damage to the 
explosive mill equipment can also result. 



b) The bonding process is normally carried out in 
conventional steel rolling mills and levels of 
cleanliness are such that unless the mill is cleaned 
before each rolling operation, contaminants are rolled 
into the clad surface. As the clad thickness is 
relatively thin for commercial reasons, this thickness 
can be penetrated by the rolled- in contaminants thus 
rendering the plate useless in these areas. The 
frequent, thorough cleaning of the mill adds 
significantly to the cost of the product. 

c) For commercial reasons, the overall thickness of the 
clad composite sheet must often be very small. It is 
difficult to roll down to small thicknesses on plate 
rolling mills as a point is reached where the rolls 
open under pressure by an amount equal or greater than 
the thickness of the plate being rolled. This 
prescribes the minimum thickness capability of the 
mill which is often greater than the desired 
thickness. To reach this desired thickness it would 
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the width J f MMUy WU1 upon 
the width of sheet which can be obtained. 

0) An the composite sheet thickness is reduced and it. 
are. extended, the composite sheet being rolled cools 
rlTlT r : Pldly - ° ftM the "W lower l^: s 18 

when tni^.Tr" 6 " 9 £a±r1 ^ together and, 

wh» this is the case, the rapid cooling or the 
composite sheet as it reduces l„ <■■.<.■. 

t C h!rt'h. te f " heat 18 PreCl " d9d " " " larger 
than the furnaces which are available, often th a 

upper li»it of rolling temperature must Z fallow 
in order to avoid the growth of intermetallic 
substances at the bond interface and conseguentlv the 
minimum rolling temperature beyond which Z Hn T 
overstressed is guickly reached. 

«l^nc £T* ^V 9 " <*"<*«*«gee may be overcome by 
rolling the explosively bonded composite ingots in naL, 
each pair of ingots being place d 4 ether , £ c f 

between to ore'' ^ ' Parti "« inte^L 

^ P bondins of tlie "*e materials 

^oroi"^ 8e9U r ^ r ° mn9 ° f thB — ««^ly. 
Accordingly, the present invention consists in a merh£ „, 
making explosively clad metal sheet wherein a datively 

eaoy not rolling, characterised In that before rollinr, 
two ingots are assembled with the c i*rtH<„„ , Un5 ' 

intermediate parting lllZ I* f ! * ^ fa ° lng an 

parting layer of inert material and the 

assembly is rolled to reduce the thickness and expand the 
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area of the ingots simultaneously. The parting layer 
advantageously comprises one or more layers of glass fibre 
tissue or a coating of chromic oxide. The two ingots are 
preferably bonded together by a metallurgical bond around 

5 the periphery of the interface to maintain register of the 
components during rolling. The bond may conveniently 
comprise tack welding but if the cladding materials are 
difficult and expensive to fusion-weld in this way an 
alternative method is to locate a steel strap overlapping 

10 the exposed cladder edges, the two edges of the steel strap 
then being fusion-welded to the steel substrates. 

The assembled composite ingots may be heated and rolled in 
the same manner as a single steel ingot to an overall 
thickness which is twice that of the required final 
15 thickness of the single composite sheet. The rolled 
composite sheets may be flattened in the conventional 
manner before shearing off any fusion welded edges and the 
two rolled down plates may be readily separated from each 
other . 

Conveniently the explosively bonded ingots have a substrate 
thickness in the range from 20 to 200 mm and a cladding 
thickness in the range from 2 to 30 mm and are rolled down 
to form a clad sheet having a substrate thickness in the 
range from 3 to 50 mm and a cladding thickness in the range 
from 0.5 to 5 mm. The invention is especially advantageous 
in the manufacture of explosively bonded clad sheets 
wherein the cladding comprises a nickel/chrome alloy on a 
carbon steel substrate. 

The advantages of the invention method are» 

30 a) The composite assembly remains essentially flat during 
rolling, a feature which is especially beneficial when 
the substrate material has lower yield strength than 
the cladding. Any tendency to curling of either 
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10 c) 



component of the assembly u Mediately counteracted 
by the curling tendency of the other component end 
e^liaea " 8 *" **" are thus 

rou!no e ^r i *^ 1 ? U " tMckn "" "PabiUty of the 
rolling «ux U halvad ^ ^ ^ 

thickness capability of the mill for . single Ingot 
thicks 8 ""' ^ Wl11 - 4 - 

*> the final thickness 1. twice thet of the retired 
thickness of the Individual sheets, rolling 
temperatures are less guickly dissipated and are thus 
more readily maintained. 

I*e cladding surfaces, being at the centre of the two- 
ingot composite assembly, are not exposed to the mill 
environment and are thus kept clean and free from 
damage. 

e) As the cladding and bond interfaces of the two 
composite sheets are the areas where critical 
temperatures must be maintained, their location near 
the centre of the composite assembly assists in 
maintaining these temperatures between the defined 
upper and lower limits, as heat dissipation is at its 
minimum in this area. 

" f) The range of material combinations which can be 

e™I S h y h ° nd "f ° nWard r ° ll6d 18 ^ificantly 
extended by removing the effects of the relationship 

between rolling capability and the differential in the 

Yield strength of the metals of the clad combination 
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g) The technology of rolling explosive bonded composites 
is simplified and is comparable with conventional 
rolling of single steel plates. 

One procedure for practising the invention is now 
described, by way of example, with reference to the 
accompanying drawings wherein 

Fig. 1 is a diagrammatical elevation, partly in 
section of an assembly of explosively bonded clad ingots 
prior to rolling; and 

Fig. 2 shows in perspective a view of the rolled out 

ingot of Fig. 1. 

Referring to Fig.l a first explosively bonded 
composite ingot (10) consisting of a steel substrate (12) 
and a metal cladding (14), is placed with the cladding (14) 
uppermost. On the upper surface (16) of the cladding (14) 
is placed a parting layer of inert material (18) to leave 
uncovered a 'picture frame' or margin (20) of cladding 
surface (16). 

A second explosively bonded metal clad composite ingot 
(22), consisting of a steel substrate (24) and metal 
cladding (26) is inverted and located upon the first clad 
composite ingot (10) and inert layer (18) and the edges of 
the clad composite (22) are registered with those of the 
lower composite ingot (10). A steel strip (28) is sited 
centrally over the interface of the clad composite ingots 
(10) and (22) and is secured by fusion welds (30) on each 
side of the strip (28). This operation is repeated around 
the four edges of the composite assembly (32). 

The assembly (32) is pre-heated to the prescribed rolling 
temperature and then rolled down by conventional hot 
rolling techniques to a thickness which is twice that of 
the required final thickness of a single finished clad 
sheet. It will be found that the clad composites (10, 22) 
have no tendency to curl during the rolling process. 
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Referring now to Pig. 2 , aft.r rolll th9 S3ttenQ8<j 
oompo.it. (34, is l.v.U.a ^ oonv.ntional ,»ans and is 

«L n J T* d * l0n9 ^ < 36 > to the previously 

tt. rol^ 9M (30) WlUCh ««■—*- sxtsndsd in ar.a £ 

IclLSV " eBmtei to individual bonded 

ooMpo.it. olad m .t.l shsst of th. final rsguir,* thiokns.s. 

tne «L"n, EiamPlaa fD " hM «- P««io. of 
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bnn^ J m 1 lng0t WaS P roduc «* by explosively 
bonding a 6 mm thick cladding plate of ^^chrome 

alloy Hastelloy C276 (Registered Trade Mark) 
(containing about 60% Ni, 15.5% Cr and 16% Mo, onto a 
substrate of 30 mm thick Carbon Steel ASTM AsL, Grade 
70. The oreal dimension of the clad ingot was 3 
metres x 1.25 metres. This ingot was bisected to form 
two ingots 1.5 metres by 1.25 metres. The first ingo! 
was placed with the Hastelloy surface of the clad^ng 
uppermost, and 4 sheets of glass fibre tissue were 
located, one upon the other, onto this surface. The 
t**y^? erB ^ trin,med t0 We an e *P°sed margin 
ll:lT^l Plat9 «~ ~ ^ — P-ry of L 

The second ingot was inverted and placed, with the 
surface of the cladding plate downwards, onto the 

with\f ^ ! l88Ue 8UrfaCS With itS ed * es ia re ^^er 
with those of the underlying first plate. 

A 13 mm wide by 3 mm thick strip of steel bar was laid 
over the interface along one side of the ingot 
assembly and each edge was fusion welded to the 
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adjacent steel substrate. This process was repeated 
on the remaining 3 sides of the assembly. 

The ingot assembly was heated to 1150°C and was then 
rolled down in incremental stages to a final thickness 
of 8 mm. At each incremental reduction through the 
rolls the assembly emerged from the rolls 
substantially straight with no inclination to curve in 
any preferred direction. 

After roller levelling the 8 mm thick composite 
assembly, the edges of the composite assembly were 
trimmed to remove the bonded areas associated with the 
pre-welding of the assembly whereupon the two single 
clad metal sheets of 4 mm thickness separated. 

Examination of the clad surface confirmed the presence 
of a clean unblemished surface over the area. 

EXAMPLE 2 

The method of Example 1 was repeated using a cladding 
layer of nickel/chrome alloy, Hastelloy C22 
(containing about 60% Ni, 21% Cr and 13% Mo) instead 
of Hastelloy C276. In addition, the surface of the 
C22 alloy was coated with a suspension of chromic 
oxide in water and allowed to dry as an alternative 
separating medium to the glass tissue of Example 1. 
In all remaining aspects of assembly and rolling, the 
procedures were identical to Example 1. 

The results of rolling were also identical and the 
rolled clad metal sheets separated easily. The two 
clad surfaces, on separation were coated with a layer 
of green chromic oxide which was readily removed by 
shot blasting to reveal a clean unblemished cladding 
surface of nickel/chrome alloy. 
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CLAIMS 



whereinT-? !f explosivel y »etal sheet 

wherein a relatively thick metal cladding layer is 

explosively bonded to a relatively thic/metal substrate to 

form a composite metal ingot and the ingot is reduced^ 

thickness and extended in area by hot rolling, 

characterised in that before rolling, two ingots are 

assembled with the cladding layers Ling an^te^diate 

parting layer of inert material and the assembly Ts roUed 



2. 



strentr^f?/ 8 ^ Clalm 1 whe ^» the yield 

st™ ^ 8 f 8tratS mStal 18 1688 **** the Yield 
strength of the cladding metal. 

15 3. A method as claimed in Claim 1 or Claim 2 wherein th« 
parting layer comprises glass fibre tissue or cSST 
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4 . A method a. claimed in any one of Claim, l to 3 
wherein the edge, of the eub.tr.te of th„ Z! ... 

™ «*— ^ther * a^tal^afoond " the 
where^the enrfaoe. of the ingot, are maintained"" 

5 . A method a. claimed in any one of claim. 1 to 4 

J" «» "»S*> from 20 to 200 mm and a oladdlng 
to to ! S : he " D9 ! fr °" — rolleo down 

frTo^Vl " ^ ' Cl " ddln9 thlCta8 " ta «- 
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6. A method is claimed in any on of Claims 1 to 5 wherein 
the substrate comprises carbon steel and the cladding 
comprises a nickel/chrome alloy, 

7. A method of making explosively bonded clad metal sheet 
substantially as described with reference to the 
accompanying drawings • 

8. Explosively clad metal sheet whenever made by a method 
as claimed in any one of claims 1 to 7. 
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